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Abstract. - Teeth continue to be in the focus in many paleontological and neontological disciplines, and their 
morphological characters, histological structure and mode of attachment are the subject of ongoing studies. In 
this review, we elaborate on tooth shape. We first highlight the progress that was made over the last two dec¬ 
ades in understanding the mechanisms that determine the shape of a tooth. We then describe the often dramatic 
changes that tooth shape undergoes in ontogeny. Finally, we discuss characters of the dentition to which tooth 
shape may be intimately linked: tooth number and thus tooth spacing, as well as tooth replacement. While litera¬ 
ture about various non-mammalian vertebrates is considered, this review focuses on the highly speciose teleost 
group. 

Resume. - La forme des dents des teleosteens et sa relation avec leur espacement et leur remplacement. 

Les dents sont toujours au coeur de nombreuses etudes paleontologiques et neontologiques et leurs caracteres 
morphologiques, leur structure histologique et leur mode d’attachement sont l’objet d’etudes renouvelees. La 
revue presentee ici s’interesse a la forme des dents. Elle debute par la presentation des progres realises au cours 
des vingt dernieres annees dans la comprehension des mecanismes de determination de la forme d’une dent. Puis 
ce sont les changements, parfois radicaux, que subit la forme de la dent au cours de l’ontogenie, qui sont decrits. 
Finalement, la discussion porte sur les caracteres de la dentition auxquels la forme des dents est probablement 
intimement liee : le nombre des dents et done leur espacement, et leur renouvellement. Si la litterature concer- 
nant Fensemble des vertebres non mammiferes est consideree, la revue se concentre sur le groupe ultra-diversifie 
des teleosteens. 

Polyphyodonty 
Teleosts 

Teeth evolved from odontodes and 
are part of the dermal skeleton (Mai- 
sey, 1988; Sire and Huysseune, 2003; 

Huysseune et al., 2009). Their structure and composition 
were studied in a series of detailed and beautifully illustrated 
papers by Meunier and co-workers (e.g. Meunier, 1983; Sire 
et al., 1987; Francillon-Vieillot et al., 1990; Sire and Meu¬ 
nier, 1993; Meunier and Zylberberg, 1999; Brito et al., 2000; 

Daget et al., 2001; Cuny et al., 2010). Many paleontological 
and neontological disciplines focus on teeth. Because of their 
excellent preservation, teeth are often the sole fossil remains, 
and their shape, as well as their histological structure, offers 
exquisite information on the animals that possessed them, 
and the environment in which they lived (e.g. Gayet et al., 

2001; Cuny et al., 2010; Meunier et al., 2013). In neonto¬ 
logical research, tooth shape is highly valued as a character 
as such, e.g. in taxonomic and phylogenetic research (e.g. 

Wautier et al., 2002; Pasco-Viel et al., 2010; Ahnelt et al., 

2015). The shape (as well as size) of teeth can furthermore 
be highly informative in an ecomorphological context (e.g. 

Aguilar-Medrano, 2017). In teleost fish, correlations between 
tooth shape and diet have in some cases been endorsed (e.g. 
a carangid, Francillon-Vieillot et al., 1994; eretmodine cich- 
lids. Ruber et al., 1999; cyprinins, Pasco-Viel et al., 2014); in 


other species, the shape of the teeth is not correlated with diet, 
and probably reflects phylogenetic relationships (e.g. sparids, 
Linde et al., 2004). Various explanations have been proposed 
for the lack of similarity in tooth shape between species with 
similar diets: different feeding strategies, even for the same 
food category, the importance of other food properties, mul¬ 
tiple tasks performed by a single tooth, or even the lack of a 
role in predation (Linde et al., 2004). Part of the explanation 
may also lie in pleiotropic effects of genes involved in shaping 
the tooth (Albertson et al., 2003). While most studies focus on 
tooth shape, tooth attachment is obviously equally, if not more, 
important for the function of teeth. Meunier and his co-work¬ 
ers have addressed the important subject of tooth attachment 
in sarcopterygians and actinopterygians in several recent stud¬ 
ies (Meunier, 2015; Meunier et al., 2015a, b; Germain et al., 
2016). Finally, studies on teeth have been instructive in our 
knowledge of organ morphogenesis, cytodifferentiation and 
pattern formation. The combination of this knowledge with 
comparative anatomical and paleontological data has given 
teeth a paradigmal status in evo-devo research (e.g. Stock, 
2001; Jernvall and Thesleff, 2012; Tucker and Fraser, 2014). 

It has now become increasingly clear that the shape of 
teeth is not a character of the dentition that is fixed or stands 
alone. Rather, recent studies that have focussed on non-mam- 
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malians have shown that tooth shape is sometimes undergo¬ 
ing dramatic changes in ontogeny, and that tooth shape and 
tooth number (and thus spacing) may be intimately linked. 
Likewise, an apparent link has surfaced between tooth shape 
and tooth replacement. In this review, we will focus on these 
two relationships and illuminate new insights that have been 
acquired since Huysseune and Sire (1998) discussed patterns 
and processes in the evolution of non-mammalian dentitions. 
However, prior to do so, we will highlight the progress that 
has been made over the last twenty years in understanding 
the mechanisms that determine the shape of a tooth. While 
we will cover literature of various non-mammalians, the 
focus of this paper is on the most speciose lineage of verte¬ 
brates, the teleosts. 

Mechanisms underlying the acquisition of tooth shape 

An increasing number of studies has addressed the mech¬ 
anisms determining tooth shape in non-mammalians. Across 
vertebrates, tooth development proceeds through essentially 
the same steps, i.e. initiation, morphogenesis and cytodiffer- 
entiation (for reviews see Huysseune and Sire, 1998; Stock. 
2007; Davit-Beal et al., 2007; Richman and Handrigan, 
2011; Berkovitz and Shellis, 2017). As a proof of concept, 
Borday-Birraux et al. (2006) and Ellis et al. (2015) could 
synchronise specific stages during teleost tooth development 
(zebrafish and threespine stickleback, respectively) with the 
typical stages in mammalian tooth development, i.e. bud, cap 
and bell stages. Not surprisingly, the genetic and molecular 
mechanisms regulating tooth development in non-mamma¬ 
lians and in mammals have revealed themselves as consid¬ 
erably conserved. They involve signalling factors belonging 
to four large families of signalling molecules, i.e. Shh, Fgf, 
Wnt, and TGF-beta families (Jernvall and Thesleff, 2012), 
leading Fraser et al. (2009) to propose a conserved gene 
network for all vertebrate teeth. Detailed studies on gene 


expression as well as functional studies in teleosts, in par¬ 
ticular zebrafish, have nevertheless revealed that this may be 
an oversimplification, given differences both in gene expres¬ 
sion and function between teleost and mammalian (mouse) 
teeth ( e.g. Jackman et al., 2004; Wise and Stock, 2010). 

In the quest of uncovering how the development of tooth 
shape is controlled, particular attention has been paid to how 
cusps arise and shape the tooth tip (the term ‘crown’ is used 
sometimes but is avoided here because it essentially describes 
a mammalian-type tooth surface). In mammals, a cluster of 
non-dividing cells, called enamel knot, is located in the enam¬ 
el organ and acts as a signalling centre promoting proliferation 
of the surrounding dental epithelium. Its action entails folding 
of the epithelial-mesenchymal interface and thus the forma¬ 
tion of a first cusp - hence the designation of primary enamel 
knot. In multicuspid teeth, a secondary enamel knot appears at 
the future location of each cusp (Jernvall et al., 1994; Jernvall 
and Thesleff, 2012). Using the catshark Scyliorhinus Cani¬ 
cula (Linnaeus, 1758), Debiais-Thibaud et al. (2015) showed 
that, while homologous regulatory pathways are expressed 
during tooth morphogenesis in shark and mouse (Shh, Bmp 
and Fgf), their results did not support the existence of a pri¬ 
mary enamel knot in sharks. In contrast, Fraser et al. (2013), 
working on cichlids, took foci of expression of some devel¬ 
opmental genes to be evidence for the existence of a primi¬ 
tive enamel knot-like signalling centre that controls (amongst 
others) cusp number. Detailed expression data with sufficient 
resolution (in particular to show expression in the inner dental 
epithelium) will be needed to support this hypothesis. Moreo¬ 
ver, considering the small number of cells involved in form¬ 
ing first-generation teeth, and their first replacers, one would 
have to imagine that perhaps only one cell behaves differently 
from its neighbours in terms of gene expression and cell cycle 
characteristics to achieve relief on the tooth surface. Micro¬ 
ornamentations of maximally a few micrometers in size (i.e. 



Figure 1. — A: Scanning electron micrograph of the pharyngeal dentition of a one month-old zebrafish (10.4 mm SL). Note 
considerable differences in tooth shape in the different positions, and micro-ornamentations (arrowheads) at the tooth tip. 
Anterior to the left, dorsal to the top. B: Detail of the micro-ornamentations of the tooth tip. Note major cusp (asterisk), minor 
cusp (arrow), and basal protuberance (arrowhead). C: Transmission electron micrograph of a developing replacement tooth 
in a one month-old zebrafish (9 mm S.L.). Note that the minor cusp is developing with just one odontoblast extending into it 
(arrow). Scale bars: A= 50 pm; B = 10 pm; C = 10 pm. 
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smaller than the average cell size), such as found on the mono¬ 
cuspid teeth in zebrafish (Wautier et al., 2001, Fig. 1), could 
then be the result of the specific shape characteristics of that 
cell, and/or differential deposition of dental matrix (Fig. 1C). 
Handrigan and Richman (2011) and Zahradnicek et al. (2014) 
described a similar situation in reptiles, where differential 
deposition of enamel matrix forms cusps, thus functionally 
substituting for a true primary enamel knot. In teleosts, mul¬ 
ticuspid tooth shapes have been experimentally induced in 
species possessing unicuspid teeth by upregulating Fgf and 
downregulating Bmp signalling (Jackman et al., 2013). These 
results are in line with the idea, tested in mice, that simple 
alteration of key signalling pathways can be used to transform 
a prototypical conical-shaped tooth into one with complex 
morphology (Plikus et al., 2005). Disrupted Eda signalling, 
another signalling pathway next to the four mentioned above, 
affects tooth number and shape in mammals (Kangas et al., 
2004; Tucker et al., 2004), as well as in selected teleosts, such 
as in zebrafish (Harris et al., 2008). In medaka, disrupted Eda 
signalling only caused changes in tooth number, not in shape 
(Atukorala et al., 2010). However, high-resolution imaging or 
sophisticated morphometric methods are sometimes required 
to establish shape differences, especially when dealing with 
small teeth of relatively simple shape ( e .g. Clemen et al., 1998; 
Wautier et al., 2002). Likewise, the use of X-ray tomography 
can reveal details of the (inner) spatial morphology that would 
otherwise remain unnoticed (Germain et al., 2016). 

Ontogenetic changes in tooth shape 

Teeth in non-mammalians, and particularly in teleosts, 
are often claimed to be of a simple shape throughout the 
dentition (so-called homodont dentition, i.e. similar-shaped 
teeth making up the entire dentition). This is clearly wrong. 
Many non-mammalians, including teleosts, possess teeth of 
a far more diverse, and often more complex shape (Peyer, 
1968; Berkovitz and Shellis, 2017). For example, the shape 
can range from the commonly occurring monocuspid teeth, 
whether slender or sturdy, rod- or peg-like, to bicuspid teeth 
forming interlocking series, as in some coral reef fish (Streit 
et al., 2015), Z-shaped with a curved bicuspid crown, as in 
scraping catfish (Geerinckx et al., 2007), tri- to pentacuspid 
teeth, as in the characid genus Astyanax (Marinho and Lima, 
2009), enlarged caniniform fang-like teeth, as in Lophius pis- 
catorius Linnaeus, 1758 (Meunier, 2015), delivering venom 
in some cases, as in fangblennies (Casewell et al., 2017), up 
to overt heterodonty, as in the Atlantic wolffish ( Anarhichas 
lupus Linnaeus, 1758) (Bemis and Bemis, 2015) (Fig. 2). 
Cichlid fishes are notorious for their tooth shape diversity 
(Fryer and lies, 1972; Barel et al., 1977; Huysseune, 1995; 
Albertson and Kocher, 2006). However, even supposedly 
‘simple’ teeth of the widespread laboratory ‘fish’, Danio 
rerio (Hamilton, 1822), can have a far more complex shape 
upon closer inspection (Wautier et al., 2001) (Fig. 1). Lack 



Figure 2. - The heterodont dentition of an advanced perciform tel- 
eost, the wolffish Anarhichas sp., according to Owen (1840-1845). 


of sufficient data on a population level prevents us howev¬ 
er to make statements on how common this observation is. 
In addition, tooth shape can be extremely different among 
closely related species ( e.g. the cichlid tribe of Eretmodini, 
Ruber et al., 1999; Vandervennet et al., 2006; the cyprinid 
subfamily of the Poropuntiini; Pasco-Viel et al., 2014), or 
even within and among populations of a single species, e.g. 
in the cichlid Metriaclima zebra (Boulenger, 1899) (Streel- 
man et al., 2007). 

Despite complex adult tooth shape, the first teeth in the 
dentition are usually conical, slightly curved, monocuspid 
teeth (Sire et al., 2002). Because teeth cannot change shape 
once fully formed - they can only wear off - substantial tooth 
shape changes, such as from monocuspid to tri- or multicuspid 
teeth, can clearly only be achieved through successive (often 
multiple) cycles of tooth replacement (Witten and Hall, 2015) 
(Fig. 3). Such changes are thus essentially restricted to non- 
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Figure 3. - The upper jaw dentition in three different life stages of Eretmodus cf. cyanostictus (lineage A) (A-C) (11.4 mm 
SL, 23.4 mm SL and 51.0 mm S.L., resp.) and magnifications of an individual tooth in the respective dentition (A’-C’). 
D: Lower jaw of the specimen used in (B, B’), showing monocuspid teeth, formed extramedullary (arrowhead), at the end 
of a row of spatulate teeth, displaying intramedullary replacement. D’: Detail of the last spatulate tooth (arrow) showing 
replacement tooth forming intramedullary below (asterisk). Scale bars: A, B\ D' = 100 pm: A' = 15 pm: B, C = 500 p m; 
C’.D = 200 pm. 


mammalians, that is, vertebrates that are capable of renewing 
their teeth lifelong. In the Mexican tetra Astyanax mexica- 
nus (De Filippi, 1853), the transition from monocuspid to 
multicuspid during ontogeny is abrupt: monocuspid teeth 
are replaced by bi- or tricuspid teeth over one replacement 
cycle, and subsequently by teeth with more cusps over the 
next cycles (Trapani et al., 2005). Morphological changes in 
tooth shape must not necessarily proceed over one tooth gen¬ 
eration, but can also happen gradually, as in carangids (Fran- 
cillon-Vieillot et al., 1994) or in eretmodine cichlids (Fig. 3). 
Interestingly, Machado-Evangelista et al. (2015) observed an 
opposite ontogenetic gradient in another characiform, Lepo- 
rinus reticulatus Britski & Garavello, 1993: from tricuspid 
teeth in small specimens, to spatula-shaped teeth in large 
specimens through an increasing level of fusion of cusps. 

The common knowledge across ichthyologists and her¬ 
petologists, that the first teeth in a dentition are often coni¬ 
cal, slightly curved, monocuspid teeth, was crystallized in a 
paper that analysed and compared size, shape, and structure 
of the first-generation teeth in a wide sample of non-mam¬ 
malians (chondrichthyans as well as osteichthyans) (Sire et 
al., 2002). This study confirmed the universal presence of 
simple-shaped teeth, termed type 1, characterized by a small 


size, conical shape, atubular dentine, and small pulp cavity 
without capillaries and blood vessels. This type was found in 
actinopterygians, dipnoans, and urodeles, and was observed 
to coincide with the occurrence of a short embryonic period 
in the respective species. The authors considered this con¬ 
served simple shape to be an ancestral character of gnath- 
ostome teeth. Yet, the study also highlighted the presence of 
another type of first-generation teeth (termed type 2). These 
have in common that they represent miniature versions of 
adult teeth. They were found to be generally larger than the 
first type, with more complex shapes, tubular dentine, and a 
large pulp cavity containing blood vessels. These teeth were 
observed in chondrichthyans, squamates, and crocodiles, 
taxa which all share an extended embryonic period. 

Considering recent findings indicating conservation of 
tooth gene expression between initial and replacement teeth 
(Hulsey et al., 2016), the question remains how more com¬ 
plex tooth shapes develop in species that start their develop¬ 
ment with monocuspid teeth. This question was tackled from 
an evolutionary developmental viewpoint by Streelman et al. 
(2003), and Streelman and Albertson (2006), taking advan¬ 
tage of the diversity in cichlid tooth shapes. They proposed 
a model in which tooth shape is determined by the dynamic 
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ratio between molecular “cusp-activators” that promote cell 
differentiation and “cusp-inhibitors” that counteract the 
activator and thus promote epithelial and mesenchymal cell 
growth. In their model, these molecules are expressed/secret¬ 
ed from transient-appearing, epithelial signalling centres, 
similar to the enamel knots of mammalian molars. Accord¬ 
ing to Streelman et al. (2003), unicuspid cichlid teeth would 
then result from a high amount of cusp-inhibitor, secreted by 
the signalling centre, preventing secondary cusp formation. 
In species with a multicuspid adult dentition, the concentra¬ 
tion of inhibitor would decrease with tooth turnover, thus 
allowing the formation of more cusps. Vandervennet et al. 
(2006) used this model to explain the ontogenetic transition 
from conical to spatulate teeth in the cichlid Eretmodus cf. 
cyanostictus Boulenger, 1898 (lineage A). They proposed 
that the observed unequal growth of the epithelium and/or 
the mesenchyme could be the result of an asymmetric field 
of inhibition, giving rise to an asymmetrically developing 
spatulate tooth. Thus, the spatulate shape could be consid¬ 
ered the mildest possible expression of a bicuspid tooth. 
A reverse genetics approach on Lake Malawi cichlid spe¬ 
cies led Albertson and Kocher (2006) to suggest that cusp 
number may be largely determined by a single genetic fac¬ 
tor. One last consideration concerns the role of thyroid hor¬ 
mone in establishment of tooth shape. Changing thyroid 
hormone levels at metamorphosis have been associated with 
tooth loss ( e.g. in conger eel. Conger myriaster (Brevoort, 
1856), Kawakami et al., 2003), or with the appearance of 
(new) teeth (e.g. in the Hawaiian stream goby Sicyopterus 
stimpsoni (Gill, 1860), Schoenfuss 1997). These transitions 
are often linked to a change in feeding mode, particularly 
noticeable in tropical reef fishes (McCormick et al., 2002). 
Whether thyroid hormone can directly affect the process of 
odontogenesis at a particular tooth locus to produce a differ¬ 
ently shaped tooth is not known at present, but not unlikely. 
Indeed, it has been well established that changing thyroid 
hormone levels at metamorphosis affect tooth shape in sala¬ 
manders, in particular cusp morphology and enamel thick¬ 
ness (reviewed in Davit-Beal et al., 2007). 

A link between tooth shape and tooth number? 

Streelman et al. (2003) and Streelman and Albertson 
(2006) suggested that their model of cusp activators and 
inhibitors, discussed above, can explain the empirical rela¬ 
tionship between tooth number and tooth shape. Thus, 
monocuspid teeth present a wider spacing, while multicus¬ 
pid teeth are set closer. This has been confirmed, e.g. for dif¬ 
ferent populations of the cichlid Metriaclima zebra (Streel¬ 
man et al., 2007) and for different species of characiforms 
(Trapani et al., 2005, and references therein). Jackman et al. 
(2013) manipulated Fgf and Bmp signalling in zebrafish and 
in the Mexican tetra and not only obtained multicuspid, but 
also supernumerary teeth in both species, further supporting a 


link between tooth number and tooth shape. Whilst this claim 
awaits testing on a wider range of teleosts, it will also need 
to be reconciled with the authors’ own and other authors’ 
observations regarding spacing of the first-generation teeth. 
Indeed, the difference in bmp expression domain around the 
developing first-generation teeth in the three cichlid species 
studied in Streelman and Albertson (2006) is at odds with the 
fact that these domains prefigure the presence of simple coni¬ 
cal teeth in all three species. Likewise, the first teeth on the 
Atlantic salmon dentary (between odd positions) are initiated 
at twice the distance necessary for the initiation of adjacent 
teeth further back in the row, whilst their size and shape is 
approximately similar (Huysseune et al., 2007). In medaka 
too, tooth spacing appears not to be coupled to tooth shape 
(Atukorala et al., 2010). Thus, despite evidence discussed 
above, that the molecular control of tooth and cusp number 
are somehow linked, the subtleties of this regulation are not 
yet well understood. Furthermore, there is a growing incen¬ 
tive to shift the research focus to changes in cis-regulation of 
important developmental genes. Indeed, Cleves et al. (2014) 
discovered cis-regulatory changes of expression level of 
the gene bmp6 to underlie an increase in tooth number in a 
derived benthic population of threespine stickleback. It would 
be interesting to investigate whether there is a co-occurrence 
of tooth shape changes. 

Another line of investigations suggests that tooth distri¬ 
bution in actinopterygians is under control of retinoic acid 
signalling. Seritrakul et al. (2012) could experimentally 
expand the dentition in zebrafish after administering exog¬ 
enous retinoic acid (RA), suggesting this to be the result of 
a homeotic transformation. This interpretation was revised 
after further experiments by Gibert et al. (2015), leading 
these authors to suggest that tinkering with endogenous RA 
levels may be a way how evolution achieved changes in the 
dentition in cyprinids. Whether there is co-occurrence of 
changes in tooth number and tooth shape during cyprinid 
evolution, and if a change in RA signalling is the underlying 
mechanism, is not known at present. 

A link between tooth shape and replacement 

Because teeth cannot change their shape once fully 
formed, it is clear that tooth replacement is required to 
achieve a complex adult tooth shape out of simple coni¬ 
cal teeth in embryonic and post-embryonic stages. The link 
between tooth shape and replacement nevertheless extends 
beyond this association, thereby possibly involving common 
molecular signals (Fraser et al., 2013). Indeed, first-genera¬ 
tion, monocuspid teeth always develop on the surface of the 
dentigerous bone, irrespective of whether later tooth genera¬ 
tions develop intramedullary, a condition found in advanced 
teleosts (pers. obs.; see also Francillon-Vieillot et al., 1994; 
Trapani, 2001; Trapani et al., 2005). Interestingly, this appears 
to hold also when new teeth are added at the end of a row of 
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teeth that have already shifted from extra- to intramedullary 
development (Fig. 3). Besides the above association between 
tooth shape and the morphological context, in which replace¬ 
ment takes place (extra- or intramedullary), the capacity of 
undergoing (multiple) replacement cycles also allows a level 
of phenotypic plasticity in the dentition that is not possible 
in mammals, which have at most one replacement event. In 
the cichlid Astatoreochromis alluaudi Pellegrin, 1904, the 
pharyngeal jaws start to diverge in shape from 40 mm SL 
onwards, depending on whether the animals feed on a soft or 
hard diet (Hoogerhoud, 1986). A hard diet elicits the forma¬ 
tion of large, molariform teeth, a softer diet that of more, but 
less sturdy, teeth (Huysseune 1995,2000). For both diets, a 
one-for-one-replacement was assumed. Maintenance of tooth 
numbers and increase of tooth size in hard-food specimens 
were then hypothesized to be achieved by expansion of the 
tooth-bearing region and possibly by closer spacing of the 
teeth. Increase of tooth numbers in the soft-food specimens 
could have been achieved through the establishment of new 
tooth loci at the margins of the dentigerous area. Gunter and 
colleagues have started to examine the molecular underpin¬ 
nings of this plasticity, focusing nevertheless on the lower 
pharyngeal jaw rather than on the teeth (Gunter et al., 2013; 
Gunter and Meyer, 2014; Schneider et al., 2014). They identi¬ 
fied 187 genes whose expression differs in response to hard 
and soft diets, including immediate early genes, extracellular 
matrix genes and inflammatory factors (Gunter et al., 2013). 
These authors furthermore proposed that pleiotropic genes 
are likely to guide the development of both teeth and jaws. 
The challenge will be to reconcile such a proposal with the 
idea that teeth and jaws (whether oral, or pharyngeal) develop 
to a large extent independent from each other (Schilling et al., 
1996; Riicklin et al., 2012; Paradis et al., 2013; Hammer et 
al., 2016). 

Conclusions and perspectives 

We have critically assessed the relationship between 
tooth shape and tooth number, and have highlighted the 
advantages that continuous tooth renewal generates, namely 
a shift in where replacement teeth can develop (from extra- 
to intramedullary replacement in advanced teleosts), and 
ample possibilities for phenotypic plasticity. We still have 
a long way to go before we will fully understand how the 
acquisition of tooth shape in teleosts is regulated. We need 
to understand how micro-ornamentations are produced on 
the surface of teeth of even rather simple shape, and what 
controls an increasingly more complex tooth shape during 
ontogeny. Likewise, dental sexual dimorphism in teleosts 
and its (sex-dependent) temporal plasticity are exciting 
research subjects that need to be further explored. 
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